ABSTRACT We examined how mosquito life history parameters and whole body carbon (C), nitrogen (N), and phosphorus (P) content responded to changing C, N, and P content in food. The southern house mosquito, Culex quinquefasciatus Say, and the western encephalitis mosquito, Cx. tarsalis Coquillett, were reared in containers with diary waste water (high food and C, N, and P concentrations) or efßuent from a constructed wetland (low food and C, N, and P concentrations). Low food density decreased survivorship and delayed development from hatching to eclosion and reduced adult mass for both species. Adult females were always heavier than adult males, and Cx. tarsalis adults were heavier than Cx. quinquefasciatus adults. There was little change in C, N, and P content for Cx. quinquefasciatus adults across food treatments, whereas Cx. tarsalis was more variable in C and P, but there was little change in N. Adult Cx. quinquefasciatus had a higher P content (3.0%) than Cx. tarsalis (2.0%). Compared with other aquatic and terrestrial taxa, the relatively high percentage of N and P content (11.5 and 2.5%, respectively) of adult mosquitoes suggest an evolutionary trend toward rapid rates of growth, especially for species that use highly enriched habitats as developmental sites.
LARVAL MOSQUITOES ARE FOUND in a great variety of aquatic habitats (Laird 1988) . Mosquito larvae of the genus Culex are usually found in habitats that are permanent, including vegetated lake and river margins, natural ponds, rice Þelds and agricultural ponds, wastewater treatment ponds, and septic tanks. Although populations of adult Cx. tarsalis Coquillett and Cx. quinquefaciatus Say are sympatric in California (Meyer and Durso 1998) , their larval distributions suggest a degree of niche separation. Cx. tarsalis larvae are found in many types of newly created or periodically enriched freshwater habitats that are comparatively less enriched than those inhabited by Cx. quinquefasciatus. Cx. quinquefasciatus larvae are often found in hypereutrophic environments with a high concentration of organic matter (Bohart and Washino 1978) .
Poor nutritional food quality can reduce growth rates of planktonic consumers (Urabe and Watanabe 1992 , Sterner et al. 1993 , Elser 2001 ) because insufÞ-cient nutrient elements (e.g., carbon [C] nitrogen [N] , and phosphorus [P] ) in the food impose mass balance constraints on consumer biomass production (Sterner and Elser 2002) . The nutritional adequacy of a particular food to consumers also depends on its availability Wantanabe 1992, Sterner and Robinson 1994) . Most studies of consumer C:N:P stoichiometry have involved zooplankton (reviewed by Sterner and Elser 2002) . Although some zooplankton taxa have a P content considerably higher than others (e.g., Daphnia versus copepods), little difference is generally found in N content (Anderson 1991 , Main et al. 1997 . Furthermore, intraspeciÞc variation in P content is usually less than interspeciÞc variation, suggesting that planktonic consumers homeostatically maintain relatively constant body P content Wantanabe 1992, Elser 1999) . While studies have focused on the impact of consumer stoichiometry on nutrient regeneration in oligo-or mesotrophic systems (see review by Sterner and Schulz 1998) , the effects of changing food C, N, and P content on growth processes of mosquitoes in eutrophic systems have not been studied and have recently been studied in a few other insects (Markow et al. 1999 , Frost and Elser 2002 , Schade et al. 2003 .
It is generally agreed that microorganisms and seston constitute the major part of larval mosquito diets (reviewed in Merritt et al. 1992) ; however, studies focused on how variation in natural larval mosquito food abundance affects larval mosquito growth and development have focused primarily on container habitats, especially tree holes (Hawley 1985a , b, Hard et al. 1989 , Fisher et al. 1990 ), or on temperate ponds (Wallace and Merritt 2004) . Although there are a few studies investigating the growth of Culex mosquitoes on seminatural diets and secondary sewage efßuent (Mian and Mulla 1986a, b) , there is a general lack of work on larval mosquito nutritional ecology in enriched permanent habitats such as dairy wastewater lagoons and constructed treatment wetlands receiving secondary treated sewage.
In this paper, we examined the growth characteristics of two larval mosquito species grown on foods from two vastly different larval mosquito habitats. SpeciÞcally, we studied the effect of seston density and seston C, N, and P content from a constructed treatment wetland and a dairy wastewater lagoon on the survivorship, adult mass, development time, whole body C, N, and P stoichiometry, and degree of elemental homeostasis of Cx. tarsalis and Cx. quinquefasciatus.
Materials and Methods

Larval Food Sources
Seston was obtained from a multipurpose constructed treatment wetland and dairy wastewater lagoon. The Demonstration Multipurpose Constructed Wetland at Eastern Municipal Water DistrictÕs Hemet/San Jacinto Regional Wastewater Reclamation Facility in San Jacinto, CA, hereafter referred to as the wetland, received secondary-treated municipal sewage (Sartoris et al. 2000) . During this experiment (9 August 2001 to 17 October 2001), N and P concentrations (mean Ϯ SD for weekly samples) in the wetland inßuent water were 14.2 Ϯ 2.4 mg/liter N (total N, n ϭ 11 weekly samples) and 3.1 Ϯ 1.5 mg/liter P. These nutrient inputs created conditions for rapid and dense growth of bacteria, algae, and other microplankton. During the same time period, N and P concentrations in outßow water samples (collected 1 m from the southernmost weir of Outlet Marsh A; see Sartoris et al. 2000) were 8.9 Ϯ 1.7 mg/liter N (total N, n ϭ 11 weekly samples) and 2.4 Ϯ 0.6 mg/liter P. The second seston source was a dairy wastewater lagoon at the MidHill Dairy in Chino, CA, hereafter referred to as the dairy. Dairy lagoons are highly enriched habitats with daily inputs of raw sewage from milking operations and are capable of producing huge numbers of Cx. quinquefasciatus (Rutz et al. 1980 , Resien et al. 1991 . Larval food from both sites was collected by submerging 20-liter carboys into the upper 5 cm of surface water and allowing them to Þll completely. During Þlling, ßoating surface material was excluded with a screen (mesh aperture ϭ 0.53 mm) placed across the carboy opening. Collections were made twice weekly, and carboys were stored at 25ЊC in the larval rearing rooms with the lids loosely closed to allow gas exchange.
Bacterial Density
Bacterial abundance was measured by ßuorescent microscopy. Four 500-ml water samples were taken at four randomly chosen sites Ϸ1 m from the shore of the wetland inlet and wetland outlet and the dairy lagoon. Water was collected by immersing a dark, acid-washed polyethylene bottle just below the water surface. Samples were taken 27 July, 17 August, and 7 September 2001 for the wetland sites and 27 July 2001 for the dairy wastewater lagoon. Each water sample was placed into ice until arrival at the laboratory. A 5-ml subsample was taken from the larger water sample, preserved using 1 ml of 5% glutaraldehyde, and stained with 60 l of 1 M Hoechst 33342 DNA-speciÞc stain dissolved in 1% dimethylsulfoxide (Paul 1982) . Each bacterial sample was stained overnight (Ϸ14 h), Þltered onto Nucleopore black (25 mm diameter; pore size, 0.22 m) Þlters, and slide-mounted under darkened conditions as per the methods of Velji and Albright (1993) . Slides were frozen immediately and stored at Ϫ10ЊC until bacterial enumeration (Turley 1993) .
Fluorescently stained bacteria were counted using a Leica DM RB compound microscope Þtted with a ϫ100/1.25 oil immersion objective and a UV Þlter set (exciter BP 340 nm, dichroic mirror RKP 400 nm, barrier Þlter 425 nm). Images of stained bacteria were captured with a low light digital video camera (model DEI-470; Optronics Engineering, Goleta, CA) and processed for automated counting on a computer running Image Pro Plus (version 3.0; Media Cybernetics, Silver Spring, MD) and Microsoft Excel (version 97). Ten Þelds per slide were counted using randomly assigned Cartesian coordinates. Bacterial densities were computed by method 9 Ð21 16B described in APHA (1995).
Phytoplankton Biomass
A second subsample of each water sample was used for evaluation of phytoplankton biomass as chlorophyll a concentration. Duplicate 150-ml (wetland sites) or 2-ml (dairy water because larger volumes clogged the Þlter) whole water subsamples from each of the four spatially separate locations within the wetland inlet, outlet, and dairy were Þltered onto membrane Þlters (Supor-200, diameter 47 mm, pore size ϭ 0.45 m; Gelman Science, Ann Arbor, MI) at low vacuum under darkened conditions in the laboratory. Filters were frozen in foil envelopes overnight and pigments were extracted for 24 h at 4ЊC in 90% alkaline acetone (Wetzel and Likens 1991) . After centrifugation at 6000 rpm for 5 min, pigment concentration was determined using a Biospec-1601 UV-Visible spectrum spectrophotometer (Shimadzu ScientiÞc, Columbia, MD) following methods in Wetzel and Likens (1991) .
Seston and Mosquito Stoichiometry
The C, N, and P content of dairy seston was evaluated from four spatially separate water samples taken in early August 2001. The C, N, and P content of seston in wetland outlet water was evaluated from four spatially separate samples taken in early September 2001. Four 500-ml water samples were taken at four randomly chosen sites Ϸ1 m from the shore. Water was collected by immersing a dark, acid-washed polyethylene bottle just below the water surface.
Seston samples were collected on precombusted (450ЊC for 30 min) glass-Þber Þlters (Whatman GF/F, diameter 25 mm, nominal retention ϭ 0.7 m) and dried at 50ЊC for 24 h. C and N content of the seston was determined using a CHN analyzer (CE-440; Exeter Analytical, North Chelmsford, MA). For P analysis, seston subsamples were collected on prewashed (24 h in double distilled water at one Þlter/ 100 ml) glass-Þber Þlters and digested with persulfate in an autoclave for 30 min (125ЊC, 2 atmospheres pressure), and total P content was determined using the molybdenum-ascorbate method (APHA 1995). Concentrations of elements are reported as %wt:wt and elemental ratios as mole:mole.
Adult mosquitoes were dried to constant mass in a 50ЊC oven, homogenized with a mortar and pestle, and analyzed for C and N using a CHN analyzer. For P analysis, homogenized adult tissue was digested in persulfate as above, and total P was determined using the molybdenum-ascorbate method (APHA 1995). Concentrations of elements are reported as %wt:wt and elemental ratios as mole:mole.
Mosquitoes
Mosquito colonies were started from host-seeking Cx. quinquefasciatus and Cx. tarsalis females that were collected by CO 2 -baited suction traps operated either at the UC Riverside Aquatic Research Facility or at the constructed treatment wetland, respectively. Trapped adults were allowed to blood feed on restrained chicks and oviposit under insectary conditions (27ЊC and 16:8 L:D cycle with 1 h of dawn/dusk). To maintain colonies, egg rafts were placed into 1-liter enamel pans containing tap water, and newly hatched larval mosquitoes were fed a diet of ground rat chow and nutritional yeast (3:1 ratio).
Culex quinquefasciatus egg rafts were obtained from the laboratory colony (more than two generations since adults were trapped), and eight replicate 2-liter enamel pans per food treatment were seeded with three egg rafts (mean Ϯ SE; 132 Ϯ 24 eggs/raft; n ϭ 18) per pan. Larvae were reared in undiluted water collected from the dairy lagoon or from Outlet Marsh A of the wetland between 10 August and 24 September 2001. Water collected from the Þeld sites was added as needed to keep pans at 2 liters between days of food collection. Twice weekly on the day of food collection, 1 liter of water was removed from each rearing pan and replaced with water from either the dairy or the wetland outlet marsh. Rearing pans were monitored daily for larval development. Pupae were removed and placed into cups of tap water in replicate cages, one cage for each pan. Time to eclosion was noted, and adults emerging from pupal cups were sexed and immediately killed by freezing. After freezing, adults were dried to constant mass in a 50ЊC oven, sexed, and weighed to the nearest microgram (M2P Electronic Microbalance; Sartorius, Edgewood, NY) before elemental analysis. Mean sex-speciÞc adult mass in dairy treatments was estimated from a random subsample (n ϭ 10) of all adults emerging from a replicate pan. The number of adults raised in wetland outlet treatments used for sex-speciÞc adult mass determination ranged from 8 to 32 within a replicate pan.
Culex tarsalis larvae were reared in four food treatments: undiluted dairy water, a 1:10 dilution of dairy water (one part dairy water to nine parts tap water), wetland inlet (Inlet Marsh 2) water, or wetland outlet (Outlet Marsh A) water. A 1:100 dilution of dairy water was attempted, but development was severely retarded (no pupation by 22 d) and the treatment was abandoned. The dairy dilution treatments were added to the rearing experiments to examine the effect of dairy seston quantity on Cx. tarsalis, whereas the wetland inlet water treatment was included in the experiment to test for differences in wetland seston nutritional quality and quantity. Differences in bacterial concentration, phytoplankton concentration, and total suspended solids between the wetland inlet water and wetland outlet water were considered as aggregate properties of seston quantity, whereas seston C, N, and P contents were considered indicators of seston quality.
Twenty newly hatched Cx. tarsalis Þrst instars were placed into each 800-ml plastic rearing cup, with replication of Þve cups for dairy water and four cups for wetland water. Water was collected twice each week from the dairy lagoon and the wetland between 28 September and 28 October 2001. Fresh water was added daily to each rearing cup by siphoning out 50% of the old water and adding an equal volume of freshly collected water. Rearing cups were monitored daily for larval development. Pupae were removed and placed into cups of tap water in cages, one cage for each pan. Time to eclosion was noted daily, and adults emerging from pupal cups were sexed and immediately killed by freezing. After freezing, adults were dried to constant mass in a 50ЊC oven and weighed to the nearest microgram.
Data Analysis
The median time (days) from eggs being placed into pans to emergence (E 50 ) of the adult was used to describe the effect of different food treatments on the development of both mosquito species. The E 50 was calculated for each cohort in each rearing pan or cup as the number of days required for 50% of the cumulative number of adults in a given replicate rearing vessel to eclose.
The general linear model option (GLM) in SYSTAT (version 9.01; SPSS Institute 1998) was used to generate analyses of variance (ANOVAs) to test for signiÞcant treatment effects. Before ANOVA, variance homogeneity was tested using the F max method (Hartley 1950), and ln(x ϩ 1) transformed if necessary. Multiple t-tests corrected for the overall experiment-wise error rate (Bonferroni method, ␣Ј ϭ ␣/k, where k is the number of tests and ␣ ϭ 0.05) were used to compare means of adult percent C, N, and P and elemental ratios of C:N, C:P, and N:P for dairy treatments and wetland treatments. For a given comparison, a t-value small enough to generate P values Ͼ ␣Ј was taken as support for the hypothesis of no difference between the means compared. This indicates strict homeostasis for mosquitoes reared in the two food treatments being compared.
Results
Seston Characteristics
The higher seston density of dairy water translated into molar concentrations of C, N, and P in dairy water that were much higher than in the wetland water (Table 1 ). In particular, the seston in a given volume of dairy water had on average 68 times the C, 58 times the N, and 135 times the P (in moles) compared with the seston in an equal volume of wetland water. Seston C:N of dairy lagoon water was 20% higher than in the wetland water, whereas dairy seston C:P and N:P were 50% that in wetland seston (Table 1) .
On average, the bacterial concentration in dairy water was 5 times the wetland inlet water and 3.3 times the wetland outlet water. Bacterial density (mean ϫ 10 8 cells/ml; SE, sample size) for the dairy was 5.70 (0.79, 3) on 27 July 2001. Bacterial density for the wetland inlet was 0.60 (0.128, 4), 0.092 (0.004, 4), and 2.7 (0.16, 4) for 27 July, 17 August, and 7 September 2001, respectively. Bacterial density for the wetland outlet was 0.53 (0.15, 4), 0.40 (0.035, 4), and 4.3 (0.66, 4) for 27 July, 17 August, and 7 September 2001, respectively.
The mean chlorophyll a concentration (SE, n ϭ 4) in the wetland inlet marsh water increased gradually from 37.6 Ϯ 7.2 g/liter on 27 July to 68.0 Ϯ 6.9 g/liter on 17 August 2001, reaching a peak of 172 Ϯ 22.4 g/liter on 7 September 2001. Chlorophyll a concentration in the wetland outlet marsh water decreased from 49.2 Ϯ 5.2 on 27 July to 16.9 Ϯ 5.2 g/liter on 17 August and then increased to 51.9 Ϯ 9.6 g/liter by 7 September 2001. Chlorophyll a was not detected in the dairy lagoon water.
Mosquito Growth Experiments
Culex quinquefasciatus. The number of adults emerging from dairy lagoon water was on average 15 times that from wetland water ( Table 2) . A two-way ANOVA revealed no signiÞcant interaction between sex and food treatment, but the main effects of sex (F 1,28 ϭ 4.8, P ϭ 0.037) and food treatment (F 1,28 ϭ 35.4, P Ͻ 0.0005) were statistically signiÞcant. The number of males versus females emerging from the wetland water treatment was similar, whereas approximately twice as many males as females emerged from the dairy lagoon water. Pair-wise comparisons (TukeyÕs HSD, ␣ ϭ 0.05; Table 2 ) of ln(x ϩ 1)-transformed number emerging revealed signiÞcant differences between food treatments. A two-way ANOVA of adult mass revealed no signiÞcant interaction between sex and food treatment, but the main effects of sex (F 1,24 ϭ 5.1, P ϭ 0.033) and food treatment (F 1,24 ϭ 4.2, P ϭ 0.053) were statistically signiÞcant. Within each food source, female dry mass was 1.3 times greater than male dry mass. Within sex, females and males reared in undiluted dairy water were 1.2 and 1.3 times larger than those reared in wetland outlet water. Because one rearing pan did not produce adults and one rearing pan produced only males, adult mass sample sizes were unequal. Of the six possible pairwise comparisons, only dairy-raised females versus wetland-reared males were statistically different (TЈ, P Ͻ 0.05, Table 2 ).
Because there was no accounting of Cx. quinquefasciatus sex-speciÞc emergence, combined E 50 values (sexes mixed) are reported for each food treatment (Table 2) . Larval cohorts reared in undiluted dairy water developed 2.5 times faster than cohorts reared Values are displayed as the mean (SE, n ϭ 4); elemental ratios (E i :E j ) are molar. in wetland outlet water (t ϭ 28.7, df ϭ 14, P Ͻ 0.0005; Table 2 ).
Culex tarsalis. A two-way ANOVA of number emerging revealed no signiÞcant interaction between sex and food treatment, but the main effect food treatment was statistically signiÞcant (F 3,28 ϭ 38.2, P Ͻ 0.0005). The number of adults emerging from diluted dairy lagoon water was two-to three-fold greater than for full strength lagoon water. The number of adults emerging from wetland outlet marsh water was more than three-fold larger than for the comparatively enriched inlet marsh water. Within food treatments, more males survived to eclose than females in dairy treatments, but more females survived than males in wetland treatments. Pair-wise comparisons (TukeyÕs HSD, ␣ ϭ 0.05) of number emerging adult mosquitoes revealed signiÞcant differences between food treatments (Table 3) .
A two-way ANOVA of adult mass revealed no signiÞcant interaction between sex and food treatment, but the main effects of sex (F 1,25 ϭ 20.3, P Ͻ 0.0005) and food treatment (F 3,25 ϭ 58.3, P Ͻ 0.0005) were statistically signiÞcant. Pair-wise comparisons (GT2, ␣ ϭ 0.05) of Cx. tarsalis adult mass revealed signiÞcant differences between food treatments (Table 3) .
Culex tarsalis developed slowest in wetland inlet marsh water, at an intermediate rate in wetland outlet marsh water and fastest in dairy water (Table 3) . A two-factor ANOVA of E 50 found that both sex (F 1,25 ϭ 10.3, P ϭ 0.004) and type of larval food (F 3,25 ϭ 717, P Ͻ 0.0005) and their interaction (F 3,25 ϭ 5.20, P ϭ 0.006) were signiÞcant. Multiple pair-wise comparisons revealed that regardless of sex, development was fastest in the dairy treatments, of intermediate length in the wetland outlet treatments, and slowest in the wetland inlet treatment (Table 3 ; GT2, ␣ ϭ 0.05).
Mosquito Stoichiometry
The mean stoichiometric composition of Cx. quinquefasciatus reared in undiluted dairy water or wetland outlet marsh water did not differ signiÞcantly (P Ͼ 0.008 ϭ 0.05/6) and suggests that this mosquito exhibits strict homeostasis for C, N, and P (Table 4) . Cx. quinquefasciatus adults were Ϸ47% C, 11.5% N, and 3% P. The mean stoichiometric composition of Cx. tarsalis reared in diluted dairy water or wetland outlet marsh water did not differ signiÞcantly (P Ͼ 0.008 ϭ 0.05/6), except for percent C (P ϭ 0.002), suggesting that this mosquito exhibits strict homeostasis for N and P (Table 5) . Cx. tarsalis adults were 48 Ð50% C, 11Ð12% N, and 1.8 Ð2.2% P.
Discussion
The larval development sites of Cx. quinquefasciatus and Cx. tarsalis are usually quite distinct in southern California (Reeves and Hammon 1962 , Bohart and Washino 1978 , Rutz et al. 1980 , Walton et al. 1998 ); thus, we expected to see a pattern in life history characteristics that would be related to natural food assemblages from their typical larval habitats. Cx. tarsalis larvae are found in habitats that are comparatively less enriched than those inhabited by Cx. quinquefasciatus (Bohart and Washino 1978) . Cx. quinquefasciatus larvae grown in dairy lagoon water survived better, grew (d) 9.6ab 9.8ab 9.0a 10.6b 22.5d 23.9d 15.2c 14.8c (9.0, 10.2; 5) (9.0, 10.5; 4) (8.8, 9.1; 5) (9.9, 11.3; 5) (3.4, 41.6; 2) (23.5, 24.3; 4) (14.2, 16.1; 4) (14.4, 15.2; 4) Values are means (lower 95% CL, upper 95% CL; n); where n ϭ no. replicate rearing cups. a Twenty Þrst instars initially. b Means followed by the same letter do not differ signiÞcantly within each characteristic by TukeyÕs HSD or GT2 (P Ͼ 0.05). Values are means (ϮSE) for four subsamples of homogenate. Percent elements are wt:wt values; elemental ratios (E i :E j ) are molar. Bonferroni ␣Ј ϭ 0.05/6 ϭ 0.008. Values are means (ϮSE; n ϭ 2). Each replicate was a sample of Ϸ10 homogenized adults. Percent elements are wt:wt values; elemental ratios (E i :E j ) are molar. Bonferroni ␣Ј ϭ 0.05/6 ϭ 0.008.
a SigniÞcantly different at ␣Ј ϭ 0.008.
larger and developed faster than did larvae grown in less enriched wetland water. The differences of survivorship, adult mass, and immature development rate of Cx. tarsalis among rearing treatments suggest that diluted dairy water and wetland outlet marsh water were of greater beneÞt to larvae than was the comparatively enriched water from each habitat. The inability of Cx. tarsalis larvae to tolerate undiluted dairy water and wetland inlet marsh water may have been because of the concentration of various putative "toxic" compounds (high ammonia levels, various toxins produced by bacteria, iodine from milking operations, residual pesticides from milking operations, and vector control spraying) in the water. This Þnding supports previous work showing the importance of water quality on survivorship of Cx. tarsalis in natural habitats (Resien et al. 1989) . Culex adult mass was directly related to food density during larval development and females were always larger than males within a particular food treatment. Terzian and Stahler (1949) and Nayer and Sauerman (1970) found that decreasing larval food density resulted in a reduction of female adult mass. After increasing larval density 12-fold, Smith et al. (1995) found decreased survivorship, decreased wing length (a surrogate for mass), and increased development times for Cx. quinquefasciatus and Cx. tarsalis.
The median time to eclosion (E 50 ) for Cx. quinquefasciatus and Cx. tarsalis in the wetland treatments, especially wetland inlet marsh water, was generally longer than in the dairy water treatments and this is directly attributable to the lower food density in wetland water. The effect of changing food density on larval development has been documented previously. Food limitation delayed the development of Cx. quinquefasciatus (de Meillon et al. 1967) , Ochlerotatus taeniorhynchus (Wiedemann) (Lum et al. 1968) , and Aedes aegypti L. (Moore and Whitacre 1972) . Smith et al. (1995) found that E 50 values of Cx. quinquefasciatus and Cx. tarsalis increased as food abundance decreased and female E 50 values were always greater than male E 50 values. Resien et al. (1989) reported decreased adult size and increased development times for underfed Cx. tarsalis. Dairy treatments accelerated the development of Cx. tarsalis (both sexes about equally) while wetland outlet water had a comparatively intermediate effect on development rate and wetland inlet water generated the largest E 50 values, effectively more than doubling the time needed develop and successfully eclose to the adult. Natural habitat preferences of Cx. tarsalis were reßected in wetland treatment E 50 values but not in dairy treatments. The comparatively smaller E 50 values for Cx. tarsalis reared in wetland outlet marsh water showed that development is faster when larvae are fed food assemblages derived from the wetland outlet marsh and supports the idea that Cx. tarsalis is adapted to relatively cleaner water.
Culex quinquefasciatus exhibited strict elemental homeostasis for each of the three elements considered in this study and had a phosphorus content higher than Cx. tarsalis when fed foods of vastly different density and stoichiometry. Culex tarsalis stoichiometry was affected by changes in seston stoichiometry to a greater degree than was the elemental composition of Cx. quinquefasciatus. Culex tarsalis maintained a relatively constant N content but was more variable in C and P content when faced with changes in seston C, N, and P content. While the effects of changing N and P content of larval food on adult N and P content of mosquitoes have not been documented before this study, shifts in adult carbon content occur when favorable environmental conditions for larvae allow accumulation of carbon-rich lipid reserves (Nayar 1968 , Briegel 1990 ). The strict elemental homeostasis exhibited by the Culex species examined here suggests constraints placed on growth. Because N and P limitation is generally thought to limit fast growing organisms (Sterner and Elser 2002) , larval mosquitoes with high N and P needs may be growing at less than optimal rates when eating wetland seston.
A positive correlation between whole body N and P, aquatic consumer growth rate, and the N and P content of aquatic consumer food has been shown for a number of taxa (Main et al. 1997) . Growth rates of the benthic mayßy, Ephemerella sp., were 0.040 Ð 0.075 (day
Ϫ1
) when fed excess high-P food, and whole body P content was Ϸ1.1% (Frost and Elser 2002) . Growth rates of Daphnia obtusa were 0.30 Ð 0.48 (day
) when fed excess high-P food and it had a whole body N content of 8.9% and a whole body P content of Ϸ1.06% (Sterner et al. 1993 ) reared in undiluted and diluted dairy water and greater whole body N and P content. In a related study using pure bacterial foods of varying density and P content, Peck and Walton (2005) found growth rates of larval Cx. quinquefasciatus and Cx. tarsalis similar to D. obtusa but higher whole body N (11.4%) and P (1.3%) content for mosquito larvae. Because whole body nitrogen and phosphorus content are directly related to growth rate (Sterner and Elser 2002) , the greater N and P content of Culex mosquitoes relative to those for related aquatic and terrestrial taxa suggest that rapid growth is very important for Culex mosquitoes. Additionally, the N and P content of Culex adults of both species were higher than for any terrestrial insect studied to date (Markow et al. 1999 , Schade et al. 2003 .
The observed natural larval distributions of Culex mosquitoes in southern California are governed, at least in part, by factor(s) linked to larval growth. Given the determinant growth of Culex species, foraging success during the larval period is absolutely critical to adult emergence; the factors that inßuence the evolution of ovipositional preferences (Bentley and Day 1989) are not mutually exclusive of larval performance. Females should maximize their Þtness by choosing high-quality larval habitats for their egg clutches (Mangel 1987 , Hopper 1999 . However, oviposition choices made by gravid females likely in-volves a trade-off between larval and adult performance (Mayhew 2001 , Scheirs 2002 . This suggests that while female mosquitoes might oviposit in habitats of high quality for their offspring, their choice may also be inßuenced by factors coupled to adult survival. Although this study showed increased larval performance for Cx. quinquefasciatus and Cx. tarsalis in dairy water, a Þeld study may have shown a different result because of natural enemies, environmental extremes, or other selective forces. Thus, the assumed oviposition preferences of Cx. tarsalis for comparatively less enriched wetlands and ground pools may be a poor adaptive strategy based on laboratory measurements of larval performance. However, actual larval performance in situ, coupled with factors such as proximity of natural bird hosts of adult female Cx. tarsalis, may reveal that dairy lagoons are suboptimal habitats. Further studies integrating ovipositional choice with larval and adult performance should offer insights into the adaptive signiÞcance of observed Culex habitat distributions.
